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SUMMARY 

The effect  on the  cloth  permeability of ro l l ing  a tapering  thickness 
on a 20x200-mesh stainless-steel wire cloth (0.0307 in.  thick) w e s  in- 
vestigated  experimentally. The application of the  cloth considered  here- 
i n  w a s  f o r  the shell  of R transpiration-cooled  turbine  blade  operating at 
gas and she l l  temperatures of  250O0 and 1000° F, respectively. From 
available  design procedures, cloth  thicknesses  ranging from 0.0151 t o  
0.0225 inch were calculated f o r  this application. These experiments w e r e  
conducted for  ranges of airflaw rates of from about 0.0003 t o  0.07 pound 
per  second  per  square  inch of cloth. The difference  in  the  square of the  
pressure of the  air before and after the  cloth  ranges from about 0.48 t o  
3533 (1Gpn.4).  

Only sl ight   effects  w e r e  observed in  the  permeability  variation 
within a sheet of the material when rolled  with  the  taper  parallel  t o  the 
200 wires. An appreciable  effect on permeability and i ts  variation  within 
a sheet (400 percent  varfation  in  pressure-drop parameter) was observed, 
however, when the  wire cloth w a s  rol led with a taper in the  direction 
perpendicular t o   t h e  200 wires. The pressure-drop data for  the  taper- 
rolled  (perpendialax to the  200 wires) samples fe l l  from 68 t o  216 per- 
cent above the data for   the  f la t - rol led samples of comparable thickness. 
This  represents a change in  required  thickness of &out 8 percent t o  
brlng  the data in to  good agreement. 

INTRODUCTION 

An effective method of reducing  temperatures of surface8 w o s e d  t o  
Bot  gas s t r e w  is transpiration  cooling. The surfaces t o   b e  cooled me 
formed from a porous  materiel. The coolast is forced through t he  surface, 
forming  an insulating  layer of f l u i d  between the  w a l l  and the  hot  gas 
stream. Application of t h i s  cooling  principle  has  been  considered i n  
cooling  parts of  gas  turbines  such as nozzles and rotor  blades, couibus- 
t i o n   c m e r s ,  and afterburners. This principle i s  also appl icable   to  
the  cooling of cr i t ical   surfaces  of bodies flying at high speeds. 
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Porous materials such as sintered metals or closely woven wire cloth 
may be sui table   for  the aforementioned applications. Re8emch is being 
conducted on both materials t o   m o v e  the* physical and cooling char- 
acter is t ics .  Only the w i r e  cloth is considered  herein. 

I n  general, &e cloths of standard weaves are too permeable  and 
must be processed i n  some manner t o  decrease  permeability. Some experi- 
mental investigation6 .have. sh- how rol l ing  or-  combined brazing  and 
rol l ing of wlre cloth  decrease  the  permeability  (refs. 1 and 2 ) .  These 
references show that reducing the wire-cloth  thickness  by  rolling changes 
the-  airflow markedly through the cloth, and i n  some instances conibined 
brazing and ro l l ing  have 8 still greater  effect on airflow. For example, 
at a given  value o f  the  pressure-drop  parameter, a brazed sample that w a ~  
reduced 42 percent in thickness  passed only about one-fifth 8s much air- 
flow as w a s  passed by the unbrazed sample. However, the &flow through 
the sample that w a s  reduced about 23 percent i n  thickness w a s  nearly  the 
same whether brazed or unbrazed. It was found that a brazed-rolled  wire 
c lo th   in  most cases was t o o   b r i t t l e  and stiff t o  readily form into..shapes 
such as might be required f o r  a turbine  blade. The experimental  turbine 
blade reported  in  reference 3 had a s h e l l   f a r i c a t e d  from 8 ro l led  uri- 
brazed sheet of wire cloth. 

In the design of blades and possibly other apparatus,  variations i n  
permeability i n  one or  more directions may be required. For instance, 
reference 4 shows that both spanwise and chordwise variations  in permea- 
b i l i t y  are necessary  for a turbine  blade  to  maintain  the  cooling-air re- 
quirements at a minimum. The effect of chardwise variation i n  permeabil- 
i t y  can be par t ia l ly  accomplished by using a comtant-permeability shell 
i n  conjuction with orifices at the blade base (ref. 4) .  AB a consequence, 
only spanwise variations  in  permeability need t o  be achieved. 

It would appear that taper-rolflng of wire cloth xould provide the 
necessary  permeability  variation and that references 1 and 2 could be 
used t o  determine the  thickness t o  which the cloth  should  be  rolled  to 
obtain this permeability  variation. Such a procedure presumes that the 
geometry or  distortion of the wires of a cloth  rolled  with a taper i s  the 
same as when ro l led  flat, so that for  cozqparable thickness  both  cloths 
would have the same permeability. 

The purpose of the  present  report i s  t o  determine  whether the  data 
for  taper-rolled wire cloth  are i n  agreement Xith those of a f la t - rol led 
cloth, what effect  rolling a wire cloth with the  taper  parallel  and per- 
pen&Lcula;r t o  the many wires has on permeability,  and whether variations 
in permeability required for a turbine blade operating at gas and she l l  
temperatures of 2500° and 1000° F, respectively, can be obtained  within 
a sheet of material by  taper-rolling. For the purpose of this report, 
the spanwise permeability  vmiation of this turbine blade W&B selected 
as an example for duplication. A stainless-steel  wire cloth  with 20x200 
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mesh was used,  since  the  permeability  chszacteristic of this  mesh  cloth 
when  rolled  approaches  the blade requirements. This investigation w a s  
conducted  at  the NACA Lewis  laboratory. 

SyMgoLS 
# 

total  porous  surface  area 

viscous-resistance  coefficient 

inertial-resistance  coefficient 

functions 

mass rate of airflow, p~ or W/A 

permeability  coefficient 

pressure 

- Pg 
&as constant 

static  temperature 

flow velocity  through  porous wg33 @based on A) 

weight f l o w  

absolute  viscosity 

kinemtic viscosity 

density 

thickness of porous wall 

Subscripts: 

e side of porous  material at low pressure 

i side of porous  material  at hlgh pressure 

0 MACA standard temperature of 519O R 
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DEXELO€MEWT OF SAMFIX 

The AIS1 type 304 stainless-steel  wire cloth used i n  th i s  investi-  
gation, which i s  commercially available, has  a mesh of 20x200, with wire 
diameters of 0.Oll inch for  the 20 wires and 0.010 inch fo r  the 200 
wires. The average  thickness  of the cloth as manufactured w-as 0.0307 
inch.  Figure 1 shows an enlmged photograph of a piece of the  cloth. 
Ranges of tapering  thickness  considered herein f o r  the wire-cloth saqples 
are applicable t o  a she l l  of a transpiration-cooled  turbine  blaae. The 
method for obtaining  these  ranges i s  given i n  detail i n  reference 4 and !i 
is br ie f ly  described as follows: 

.. 

P 

(1) Ratios of permeability t o  thickness K/T over the blade span 
were calculated f o r t h e  coolant  passage around the blade, as illustrated 
i n  figwe 2(a). Design conditions  for  the  blade were fo r  operation in a 
modified turbojet  engine  operating at a gas temperature of 2500' F and a 
she l l  temerature of 1000° F. 

(2) An approximate  equation that  gives the pressure-drop 
8,s a function of the airflow parameter and K/z, 

was used t o  determine Ap2&o/p% values fo r  varying values 

parameter 

of G d k .  
These cdculat ions were made for  K/T values taken from the envelope of 
the curves i n  figure 2(a) f o r  the root, mean,  and t i p  sections. 

(3) By superimposing these data (pressure drop against airflow pa- 
rameter) on data taken from reference 2 for   the  f la t - rol led 2Ox2OO-mesh 
w i r e  cloth, the required shell thicknesses were approximated, as shown 
i n  figure 2(b). 

(4) The thicknesses 't were plotted along the blade  span as illus- 
trated i n  figure 2(c).  A curve w88 then dram through the data to define 
the linear  taper  required i n  the wire-cloth sheet. 

Four sheets approximately 4 by % inches were used as sEbmples. A 1 

sheet of these dfmensions i s  approximately tha t  needed t o  form a turbine 
blade shell.. !bo sheets were rolled  with a taper of 0.0044 inch per 3.93 
inches of length, wTth the  direction of taper  in one sample para l le l  to the 
200 wires and i n  the  other sample perpendicular t o   t h e  200 wires. The 
thickness o e t h e  sheet over the  3.93-inch length tqered from a thiclmees 
of 0.0181 at one edge t o  0.0225 inch at the other.  This  represents a 
reduction from the original cloth  thickness of  from 41 .1 to  26.7 percent, 
respectively. Two more sheets were rol led i n  t he  same manner with end 

.. 

- 
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thicknesses of 0.0151to  O.Ol9l'inch  (thickness  reductions of 50.8 and 
37.8 percent,  respectively) over the 3.93-inch length. The taper w a s  
a l s o  oriented  parallel  and p e r p e n d i m s   t o   t h e  200 wires. An enlarged 
photograph of  a typ ica l  r o l l e d  sheet'sample i s  shown i n  figure 3. The 
0.0181- t o  0.0225-inch tapered  sheet w a s  rol led t o  obtain  the  permeabil- 
i ty   var ia t ion from t i p   t o   roo t   fo r   t he  blade design  considered  herein. 
This is representative  of. the envelope of the curves in   f igure  2(a). 
The 0.0151- t o  0.0191-inch..tapered sample covers the lower permeability 
limit tha t  would be encountered i n  this blade  design. One of the lower 
curves in   f igure  2(a) could represent  this limit. 

Tapering the wire cloth  paral le l  t o  the 200 wires is considered  be- 
cause of the strength  characteristics of the material. A she l l  fabri- 
cated from t h i s  sample can be oriented so that the . h i g h  tensile-strength 
characterist ics of the material are in   the   d i rec t ion  of the  centrifugal 
force. Rolling a taper   in   the material oriented  perpendicular  to the 200 
wires may form the mebny wires into uniform flat  ribbons,  since  the  center- 
l i ne  of the wire is perpendiculw t o  the a x i s  of the r o l l s .  T h i s  may 
give  a  greater  variation  in  permeability  than  the sample tapered  parallel  
t o  the 200 wires  (centerline of the 20 wires perpendicular t o  the  r o l l e r  
axis) and w a s  therefore  considered. From current  design  practices, where 
the she l l  of a turbine blade is bonded t o  an inner  supporting  structure 
(see  ref. 4), a blade fabricated w i t h  a shell tapered in thls manner would 
have favorably  high  shear-strength  characteristics. 

Smaller samples w e r e  taken from each sheet as shown i n  figure 4. 

The samples consisted of disks 12 inches i n  diameter. 'Ilhe ~ ~ L I I I U I I L  and 
minimum thicknesses of each ro l led  sheet and disk were measured with 
micrometers, and the disk tapering  thicknesses are given in   t ab l e  I with 
their   ident i f icat ion syuibols. 

1 

A ro l l ing  mill was used to   t aper - ro l l  +he wire cloth. A schematic 
drawing of the mechanism of this m i l l .  is shown i n  figure 5. A 25- 
horsepower motor drives the upper  and lower backup rolls, which axe 8 
inches wide and 8 inches i n  diameter. Iche backup r o l l s  i n  turn  drive  the 
upper and lower work rolls which '=e 8 inches wide and 2~ inches in  dim- 

eter .  The specimen t o  be ro l led  is fed between these work rol ls .  Pres- 

and work r o l l s  against  the specimen, which i n   t u r n  i s  forced  against  the 
upper work r o l l .  The upper backup and work r o U s  are adJusted for  the 

1 

L sure is  exerted by a manual hydraulic pump that forces  the lower backup 

- thickness with which the specimen is t o  he rolled. 
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In order t o  taper  the  wire  cloth, shims are  placed on one side of 
the mill between the bearing  block and the  height  adjustment  for  the 
upper roLls. In this manner the upper r o u e  a re   t i l t ed  while the lower 
r o l l s  remain horizontal. By this method the  wire  cloth was taper-rolled 
t o  the  required  thickness. It can be  seen from table  I that the dimen- 
sions were duplicated on the ro l l ing  m i l l  within 0.0002 inch. 

Airflow Apparatus 

A schematic  diagram of the equipment used t o  measure the afrflow 
md the pressure drop through the  -e-cloth samples is presented  in 
figure 6. The method of sealing the  sample disk is  also shown in  f igure 
6 and described in detai l   in   references 1 and 2. Service air a t  a pres- 
s u e  of 120 pounds per square  inch gage was drawqfrom  the  .laboratory 
supply l ine  and passed through t h e   f i l t e r  and pressure  regulator. The 
airflow  quantity was controlled by  a hand valve and  measured by a rotam- 
eter  before f l o d n g  through the  *e cloth. The sir was discharged  into 
the room. A i r  temperatures were measured with thermocouples  upstream of 
the  cloth san7ple. Static  pressures were measured with w a t e r  and mercurjl 
manometers upstream and  downstream of the sample disks  (airflow diam., 
1.31 in.}. This apparatus is explained i n  more .detail  in references 1 
and 2. 

Ip 

P 

DATA C O R R E W I O N  METHOD 

Correlation Equation 

The data i n  t h i a  investigation were correlated by the  basic method 
of reference 5. The mass velocity of a gas through a porms wall i s  8 
function of the  difference in the  squares of the  pressure a c t i s  acrose 
the wall. The relat ion is  given in  reference 6 as 

where C1 and C2 are constants  that must be  determined  experimentally 
fo r  each specimen (see ref .  1). When equation (1) i s  rearrranged, the 
following expression can  be written, 88 shown in  reference 2: 

By introducing p and p& t o  reduce the  data   to  NACA standard condi- 
t ions (ref. 21, equation (2) can be  written as 
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The data f o r  the porous  samples i n  this investigation can then  be 

plotted  with  the  pressure-drop parameter loglo [(pg - pg)($$)] against 

the  airflow-rate  parameter G d p  f o r  various  values of w i r e  thickness 
2. The pressure-drop  parameter is directly  related  to  the  permeabili ty 
(ref.  2). This  parameter i s  also readily  obtainable and directly  appli-  
cable t o  design  procedures. For these  reasons,  the  pressure-drop param- 
eter may be  used  herein  interchangeably  with  permeability. 

Experimental Variables 

From the  permeability  requirements of the blade design  considered 
herein, it w a s  determined that the &flow rate G must vary from about 
0.0003 t o  0.07 pound per second per square  inch. To achieve this range 
i n  G, weight f low w w a ~  vaxied from about O.OO037 to 0.0904 pound per 
second. I n  general, t o  obtain these w e i g h t  flowa, the air supply  pres- 
sure w a s  varied from 0.50 Fnch of w a t e r  to 100 fnchee of mercury. The 
weight flow w was measured on a  rotameter. NACA standard  tenrperature 
to was taken as 519O R, and the  value of  crg used was l2lXlO-7 pound 
per  foot-second. 

- 
.I 

Taper-Rolled  Cloth 

Taper p m a l l e l  to the  200 wires. - The effects  on the  pressure-drop 
parameter  over a range of airflow rates for   the  first sample of the 
20x200-mesh wire cloth  are   sham  in   f igureL7(a) .  This sheet (A) has the 
over-all  tapered  thickness of 0.0181to 0.0225 inch, l e e h  of 3.93 
inches, and t h e  taper direction parallel to the 200 wires. The data in- 
dicate only a slight variation i n  the  pressure-drop parameter f o r  the 
t h e e  sampling disks. For v a ~ ~ e s  of ~ r b / p  from about o .0006 t o  0.07, 
loglo p2&O/p2t] va r i ed  f r o m  about -0.3 t o  3.5. 

The data f o r  three disks taken from the second  *e-cloth sheet 
sample r a l l ed  with  the  taper  parallel t o  the 200 wlres and having an over- 

7 (b) . The data  for  the  individual sampling disks fall on separrate  curves. 
The pressure-drop  parameter  increased  with  decreasing  over-all  thicknesses 
of the sample disks. It should be  noted that, for  constant values of 

- all thickness  tapering from 0.0151to 0.0190 inch me sham  in   f igure 

- 
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G d p ,  an increase i n  the Ap2&o/p2t . term represents a decrease i n  

permeability. The average  percentage  variations i n  the Ap2&dp% 
parameter f o r  the B1 and B2 sample disks with  respect  to  the B3 sample 
disk are about 76 and 43, respectively. The average values of' 
loglo(Ap2p&,dp2t) are about 0 and 3.2 for G%/p values of 0.0006 and 

0.05, respectively. 

Comparison of figures 7 (a) and (b) a lso  shows that   the  data fo r  
sheet B f a l l  s l ight ly  above the data f o r  sheet A. Sample disk Al of f ig-  k 
ure 7 (a) also i s  i n  good agreement with the sample disk  B3 of figure 7(b). 
It i s  expected that the data should f a l l  i n  this manner, since two of' the 
sample disk thicknesses  overlap and the over-all  thicknesses of the two 
remaining disks i n  figure 7(b) are reduced- 

P 

. .  

Taper perpendicular t o  the 200 wires.  - Figure 8 presents  the  data 
f a r t h e  two remaining samgle sheets  rolled with3 taper  perpendicular to 
the  200 wires. The data for  sheet C, with an over-all  tapering  thickneea 
of 0.0181 t o  0.0225 inch (similaz t o  the  taper of sheet A i n  fig.   7(a)),  
are shown i n  figure 8.(a). An appreciable  variation  in  the  pressure-drop 
parameter for a given a i r f l o w  parameter can be observed f o r  the three 
sample disks. The average  percentage  variations in- the Ap2&o/p2t 
parameter for  disks C 1  and C 2  with respect t o  disk C3 are about 400 and h 

140, respectively. . .. . .  . 

- 

. .. .. . .. 

For sheet D rol led perpendiculaz t a   t h e  200 wires t o  an over-all 
tapering  thickness of 0.0151 t o  0.0191 .inch, the range of airflow w88 
limited because of the limiting  operating  pressure of the  test f ac i l i t i e s .  
The data,  presented i n  f i v e  8(b), show tha t  the spread  imthe  pressure- 
drop  parameter for. disks D2 and D 3  is comparable t o   t h a t   i n  figure 8(a), 
but  displaced in  the expected upward direction. The data for  disk D l  in- 
Ucate   that   rol l ing  the w i r e  cloth t o  a thickness below about 0.0166 inch 
results in very l i t t l e  effect  on the pressure-drop  parameter.  This i s  ap- 
proximately a reductton in  original  thickness of 50 percent. The w e c t e d  
overlapping of the data f o r  disk C1 of figure 8(a) and disk D 3  of figure 

is  apparent, as well as the   fac t  that the remaining data of figure 
f a l l  above the data of figure 8 (a}. 

Comparison of figures 7 and 8 clearly  indicates that rol l ing a cloth 
with the  taper  peqendlcular  to the 200 wires gives a greater variation 
i n  permea;bility than rolling with a taper   pasal le l   to   the 200 wires. 

Only cloth samples with  tapers  obtained by rolUng paral le l  and per- 
pendicular t o  the 200 wires were investigated. It may be  possible t o  - 
obtafn  different degrees of variation ln permeability by other method8 of 
rolling; f o r  example, feeding  the wire through the  rollFng mill ab some 
intermediate  angle. A greater degree of permeability . .  variation f o r  the - 
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case where the taper is pa ra l l e l   t o   t he  many wires may possibly be ob- 
tained. T h i s  might be accomglished by a ro l l ing  mill designed so that 
the many wires  are  introduced  pa'pendicular t o  the r o l l e r  axis. The 
taper may then be formed into  the  cloth by a cam arrangement tha t  gradu- 
ally  closes  or opens the gap between the   ro l l s .  The  cam arrangement or 
forming r o l l s  t o  a certain contour  could be used t o   r o l l  wire-cloth  sheets 
i f  permeabilities other than  those  resulting from a l inear  taper  are 
required. .. 

Comparison of Taper- and Flat-Rolled Samples 

The sample disks rolled with a taper  perpendicular t o   t h e  200 wires 
were  compared with data taken f r o m  figure 6(a) of reference 2. The cloth 
in  reference 2 was also ro l led  with the r o l l e r  a x i s  perpendicular t o  the 
axis of the 200 wires. This comparison is shown in   f igure  9, where the 
pressure-drop  parameter is  p lo t ted   agdns t  the  a i r f low parameter. (Sim- 
ilar values of thickness  for data of ref. 2 were obtained from cross- 
plots . )   In . the f o l l d n g  comparisons, the average of the maim and 
minimum thicknesses is used as the  thickness of the  tapered disks. Data 
of disk D l  are  not shown, since  these data are out of the  range of the 
data in reference 2. Sheets A and B are not compared, since  they w e r e  
rolled  differently.  

In t h i s  comparison the maximum and minirmlm average  differences  for 
the  pressure-drop  parameter between the tapered and f la t - ro l led  samples 
ranged from 216 t o  68 percent. The discrepancy i n  the data could  be 
caused  by the  difference  in w i r e  geometry assumed f o r  the two methods of 
ro l l i ng  or by the   d i f f icu l t ies  encountered  by the manufacturer in dupli- 
cating  identical  wire  cloths,  since a period of about 4 years  elapsed be- 
tween the two investigations. 

Inasmuch as the  data obtained  herein  consistently fdl above those 
of reference 2, the data f o r  f la t - ro l led  wire may be use'ful f o r  taper- 
roll ing  application if  a correction  factor is determined. This can be 
accomplished  by  plot-ng the data obtained  herein  with that given in  ref- 
erence 2 i n  terms of thickness  for similar pressure-drop and airflow con- 
d i t i o n s .  Th i s  plot  i s  presented i n  f igure 10. It is apparent from the 
figure tha t  a correction i n  thickness averaging &out 8 percent would 
bring the  data in to  good agreement. 

In figure 11 the  dashed-curves  represent  the  spread in   the  pressure-  
drop  parameter required from r o o t   t o   t i p  of a turbine  blade  for the cal- 
culation  considered  herein  using the data of  reference 2. The average 
difference  in  the  pressure-drop parameter is about 325 percent. The so l id  
lines  represent  the spread obtained from a sample sheet  (sheet C)  i n  at- 
tempting to  duplicate  the  calculated  permeability  requirements. The av- 
erage  difference i n   t h e  pressure-drop  parameter i s  about 400 percent, 
s l igh t ly  more than  the  required  spread. The displacement of the curves 
has been  discussed  previously. 
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The followtng resul ts  
ef fects of taper-rolling a 

SUMMARY OF RESULTS 

w e r e  obtained from an investigation of the 
wire cloth on permeability: 

1. Rolling a 20x200-mesh wire cloth  with a taper  parallel  t o  the 
200 wires has only a slight effect  on permeability  or  pressure-drop pa- 
rameter~ however, rol l ing the cloth  with  the  taper  perpendicular t o   t h e  
200 wires has an appreciable effect on permeability. 

Ip 

P 2. The data of the  taper-rolled samples fall from 68 t o  216 percent 
above the  data for   f la t - rol led samples of comparable thicknesses  reported 
previously.  For equal pressures and airflows across  these samples, how- 
ever, the  differences i n  thickness of the f lat-  and taper-rolled samples 
amounts t o  approximately 8 percent. 

% 

3. The required  range of spanwise permeability  variation,  determined 
by  currently known design  procedures for  a blade  operating  with a she l l  
temperature of 1000° F and a gas temperature of 2500' F, can be reached 
by roll ing a 20x200-mesh wire cloth  with a taper  perpendicular t o   t he  
200 'wires. 

4. Reducing the  original wire t h i c h e s s  more than 50 percent re- 
sults i n  little change in the pressure-drop  parameter. 

Lewis Flight  Propulsion  Laboratory 
National Advisory Committee for  Aeronautics 

Cleveland, Ohio,  Deceniber 10, 1956 
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TABU I. - MAXI", MINI" ,  AND AVEFLAGE THICKNESSES 

Sheet Av. thick- Mx. thick- Min. thick- Disk 
ness, i n .  ness, in .  ness, In. 

Taper parallel to 290 wires 

A 0.0188 0.0196 0.0181 1 

.0218 .0225 .0212 3 

.0204 .0212 .0196 2 

B 1 0.0151 0.0164 

.0184 .019D. .0177 3 

.0170 .0177 .0164 2 
0.0158 

Taper perpendicular to 200 wires 
~~ ~~~ 

C 0.0188- 0.0196 0.0181 1 

.a218 .0225 .02u 3 

.0204 . 0 2 n  .0196 2 

13 1 0.0151 0.0165 

.0185 0191 .0179 3 

.0172 .0179 .016 6 2 
0.0258 

. 

.. . 
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Figure 1. - Wire cloth 8s llranufactured (XIS). 
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0 1 
Spanwise position 

(a)  Variation of permeability-to- 
thickness ratio with  blade span 
or varloua cowlant passages. 

(b)  Variation of prerrsure-drap parameter with 
alrflov parameter for  tip, mean, and root 
section of blade .  

3 

7 1 

I 4 
Root Mean Tip 
0. 

Bpam;se pasition 
1 

. .. 

( c )  Linear thickness varlatlon vith span. 

Figure 2.  - Illustrative graphs for determining spanwise thlckneas  variation f o r  turbine blade. 

c 
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c-43514 

Figure 3. - T8per-rolled sample of wire cloth (x15). 
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(a) Taper parallel t o  200 wires. 

(b) Taper perpendicular t o  200 wires. 

Figure 4. - Schematic  drawing  showing disk6 a a  cut from wire  cloth. - 
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Shinrmed here t o  

To 25-hp drive 

&mal hydraulic unit 
for r o l l  pressure 

roll 
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Alr 

L I + 
I - _  \- 

v a l v e  

Figure 6. - Schemstic.diagram of equipment f o r  measuring air- 
flow through disks of w i r e  c loth.  

" " 
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(a) Thickness taper of 0.0101 to 0.0225 lnch i n  3.93 inches;  aheet A. 

(b)  "h ichess  taper of 0.0151 t o  0.0190 inch in 3.93 inches;  sheet B. 

Figure 7 .  - Correlation of data f o r  20x200-mesh uire  cloth tapered  parallel to the m0 
wires. 
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L 

(b) Thickness taper of 0 .OE1 t o  0.0191 Inch i n  3.93 inches;  sheet D. 

Figure 8 .  - Correlation gf data for 20XXX)-~-sh ere cloth  tapered perpen- 
dicular t o  the 200 wires. 
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Average thickness, in. 

// 0.0188 

/I 
- d ’ .ole8 
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” 

0- 
(a) Disk C1. 

E (b) D l &  C2. 

; ‘ 4  1 I I 1 1 1 1  I I 
m - Taper-rolled hta as determined 

herein (perpendFculm, to  the 
200 wires) 

2 d 

// / 
.0218 

” #/ 
” ”- -- / 

01 - 1  
- 

.o003 .oo05” ,001 .003 .005 .01 .03 
A i r f l o w  rate, W / p ,  (lb/sec)/sq in. 

(c) Diek C3. 

Figure 9. - Comparison of data for taper-rolled and f la t - rol led w i r e  cloth. 



22 NACA RM E56L10 
L 

6 

here-ln (perpendicularl t o  the 

FlatZroll3d data f r o m  ref. 2 
4 

2 

I I I I I  .. I 
-. . . 

(a) Disk DZ; 

.0003 .0005 ,001 . -002 . -003 i 005 .01 .02 
A i r f l o w  rate, Gw/p, (lb/sec)/eq in. 

(e)  Disk D3. 

Figure 9. - Concluded. Comparison of data for taper-rolled and flat-rollea 
w F r e  cloth.  
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.017 .018 .019 .020 .021 
Thickness, T, in., from ref. 2 

Figure 10. - Comparison of  taper-rolled and f la t -  
rolled 20X2CU-mesh wire-cloth  thicknesses  for 
similar pressure-drop and airflow parameters. 
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I I I I I I I  I I I I I I I  I 1 
Taper-rolled  data 88 determined 

herein (perpendicular t o  the 
200 wires), sheet C 

.001 .m -005 
A i r f l o w  rate, O / p ,  (lb/sec)/sq i n .  

.01 .02 .03 

Figure 11. - Comparison o f  spread in  permeability for turbine blade as determined 
from data of reference 2 and aa obtained by taper-rolling. 
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